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Description 

The present invention relates to a heat-skrinkable biaxially stretched composite laminate film comprising 
an intermediate layer of a copolymer of vinylidene chloride, an outer layer of an olefin resin, another outer layer 
5 of a thermoplastic resin and two adhesive layers respectively sandwiched between the two outer layers and 
the intermediate layer. 

Furthermore, the present invention relates to a process for preparing the heat-shrinkable biaxially stretched 
composite laminate film described above. 

Hitherto processed meat products such as hams and sausages have been offered to the market after being 
10 packaged in casing material made of a plastic film and then subjected to sterilization and/or cooking for a few 
minutes to a few hours at a temperature in a range of from about 70 to 95°C. 

The casing material suitable for packaging a foodstuff which is subjected to heat-treatment after being pack- 
aged therein should fulfil all of the conditions mentioned as follows : 

(1) That the casing material has a sufficient barriering property against gaseous oxygen for preventing the 
15 putrefaction of an article (foodstuff) during the period of the commercial circulation. 

(2) That an innermost layer of the casing material in contact with the article has tenacious adhesion to cling 
to the article for preventing the deposit of gelatinous bouillon between the innermost layer of the casing 
material in contact and the article. 

(3) That the casing material does not crease because the creased package gives an impression to the con- 
20 sumers that the package has been prepared long before. 

(4) That the casing material is not broken by the pressure at filling the casing material with the foodstuff 
(generally 1 .96x10 4 to 4.9x1 0 4 Pa (0.2 to 0.5 kg/cm 2 G) and by the pressure at the time of heat-treatment 
due to the expansion of the article, and the cylindrical form of the package is not deformed by such a treat- 
ment Namely, anti-creeping property (not showing any creep) at a high temperature is required to the cas- 

25 ing material. In other words, it is required that the casing material does not show any plastic deformation 
by the stress less than 4.9x10 s Pa (0.5 kg/mm 2 ) at a temperature in a range of 70 to 95°C. 

(5) That the casing material is sufficiently flexible in view of the handling operation thereof and does not 
form any pin-hole during packaging, etc. 

(6) That any melt hole does not form on the casing material when a package is subjected to heat-treatment 
30 for a few minutes to a few hours at a temperature in a range of about 70 to 95°C. 

(7) That the casing material has a strength enough to endure all the presumable attack. 

Concerning the above-mentioned conditions, the publicly known casing material, which comprises an 
unstretched film of a homopotyamide (such as nylon 1 1 and nylon 1 2) or comprises an unstretched film having 
an inner layer of a homopolyamide such as nylon 11 and nylon 12 and an outer layer of nylon 6 is apt to be 

35 deformed by the pressure at the filling of the casing material with a foodstuff, and remarkable formation of 
creases is shown on the casing material at the time of cooling the package after subjecting the package to heat- 
treatment, because the casing material has not been stretched. In this connection, a heat-shrinkable material, 
comprising a stretched film of a polyamide or a mixture of a polyamide and an olefin resin is proposed in Japan- 
ese Patent Application Laying-Open No. 55-74744 (1980) and (t Is disclosed therein that the occurrence of 

40 deformation and the crease are not observed thereon. 

Also, a heat-shrinkable composite laminate film comprising nylon as an intermediate layer and olefin resin 
as outer layers is proposed in GB-A-14 86 849. 

In addition, a casing material comprising a thermoplastic polyester film, for instance, polyethylene 
terephthalate film has also been known for packaging hams and meat pastes, however, the above-mentioned 

45 casing material is not sufficiently gas-barriering against both gaseous oxygen and water vapour and accord- 
ingly, it has a common demerit of limiting the storage time period during which the article is safe for eating to 
a short time. 

Besides, there is an inconvenience on the casing material made of the polyester film that the internal sur- 
face of the casing material in contact with the article has not sufficient adhesion to cling to the article. 

so On the other hand, although the casin material comprising a film of a copolymer of vinylidene chloride, which 
is gas-barriering against gaseous oxygen and water vapour has been broadly utilized in the meat packaging 
field, the film has not sufficient adhesion to cling on the inner wail of the casing material to the article such as 
hams and sausages, and the cylindrical shape of the filled and packaged casing material has a tendency to 
be creep-deformed by the weight thereof during the heat-treatment when a large amount of foodstuff has been 

55 filled therein. 

As a result, an insufficient anti-creep property thereof at a high temperature has been pointed out Besides, 
there is a demerit in the casing material made of a copolymer of vinylidene chloride that pin-holes are apt to 
be formed In the time of filling the casing material. 
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As an example of heat-shrinkable composite laminate film having a layer of a copolymer of vinyl idene 
chloride, a five-layer composite laminate film comprising a core layer of the copolymer of vinylidene chloride, 
5 an outer layer of an olefin resin and another outer layer of an ionomer and two adhesive layers disposed be- 
tween the core layer and each of the two outer layers, the adhesive layers being ethylene copolymer such as 
ethytene-vinyl acetate copolymer having acrylic acid grafted thereto is disclosed in GB-A-16 00 250. 

In the case where such a casing material is subjected to heat-treatment at 90 to 98°C in boiling water, after 
having been packaged with a meat product, the casing material shows the defects of forming melt-holes and 
10 deformation of the shape of the package due to creep. In addition, the innermost layer (ionomer layer) of the 
five-layer composite laminate film in contact with the article has not sufficient adhesion to cling to the article. 
Accordingly, such a five-layer composite laminate film is unsatisfactory for use in preserving a large amount 
of foodstuff packaged therein. 

The object of the present invention is to provide a heat-shrinkable composite laminate film for use in pack- 
16 aging foodstuffs, in which technical problems of the conventional casing material for such a use has been over- 
come. Namely, the heat-shrinkable composite laminate film according to the present invention is excellent in 
gas-barrier property against gaseous oxygen and water vapour, strength at low temperature and dinging prop- 
erty to the article therein, and Is hygienlcally safe, and in particular, it is resistant to formation of pin-holes and 
creases and it does not show creep even at a high temperature of the heat-treatment of the package. 
20 In the first aspect of the present invention, there is provided a heat-shrinkable composite laminate film 

according to claim 1. 

In the second aspect of the present invention, there is provided a process for preparing the heat-shrinkable 
composite laminate film according to claim 7. 

Of the attached drawings, Fig. 1 is a schematic diagram of a preferred process for preparing the heat-shrink- 

25 able composite laminate film according to the present invention ;Fig. 2 is a cross-sectional view of the die and 
the conical mandrel of Fig. 1 ; Fig. 3 is a schematic diagram of preferred process for preparing the heat-shrink- 
able composite laminate film according to the present invention and Fig. 4 is a cross-sectional view of the die 
and the conical mandrel of Fig. 3. 

The copolymer of vinylidene chloride as the intermediate layer according to the present invention is a 

30 copolymer composed of 65 to 95% by weight of vinylidene chloride and 35 to 5% by weight of a copolymerizable 
comonomer selected from the group consisting of, for instance, vinyl chloride, acrylonitrile, (CrCis) alkyl acry- 
late, (Ci-C^) alkyl methacrylate, acrylic acid, methacrylic acid and the like. In the case where the content of 
vinylidene chloride in the copolymer of vinylidene chloride is less than 65% by weight, the copolymer is rub- 
ber-like at ordinary temperature and accordingly, it is Impossible to obtain any shaped body with a stabilized 

35 form from such a copolymer. On the other hand, In the case where the content of vinylidene chloride in the 
copolymer is larger than 95% by weight, the melting point of such a copolymer is too high to be subjected to a 
stabilized processing by melt-extrusion. The copolymer of vinylidene chloride for use according to the present 
invention may contain a small amount of a piasticizer(s) and a stabilizers) according to the necessity as well 
as the small amount of other additives. These additives have been publicly known by the skilled persons in the 

40 art Dioctyl sebacate, dibutyl sebacate and acetyl tributyl citrate as plasticizers may be mentioned, and 
epoxydized soy-bean oil as stabilizers may be mentioned. 

The thickness of the intermediate layer of the copolymer of vinylidene chloride is 3 to 30 micrometers, and 
in the case where the thickness is below 3 micrometers, it is difficult to retain the gas-barrier property of the 
heat-shrinkable composite laminate film against gaseous oxygen and water vapour, which is one of the objects 

45 of the present invention. On the other hand, in the case where the thickness thereof is over 30 micrometers, it 
is difficult to prevent the occurrence of cracks and pin-holes at low temperatures due to the low temperature 
brittleness of the casing material itself even the intermediate layer has been protected between the outer layers 
of the polyolefin resin and of the polyamide. 

The olefin resin as one of the outeriayers of the composite laminate film according to the present invention 

so is high-density polyethylene, middle-density polyethylene, low-density polyethylene, a copolymer of ethylene 
and vinyl acetate, a copolymer of ethylene and an acrylic ester, a copolymer of ethylene and propylene, polyp- 
ropylene, a copolymer of ethylene and an a-olefin except for propylene which is so-called low-density linear 
polyethylene (LLDPE) and an ionomer may be mentioned. The outer layer of the olefin resin is effective in giving 
mechanical strength, particularly, the strength and softness even at low temperatures to the heat-shrinkable 

55 composite laminate film. The thickness of the outer layer of an olefin resin is not limited particularly, however, * 
it is preferably 5 to 50 micrometers from the general viewpoint of the performance of the casing material of the 
heat-shrinkable composite laminate film of the present invention. 

The polyamide as another outer layer (namely, the inner layer of casing material), nylon 6 (polycaprolac- 
tam), nylon 6-6(polyhexamethytene adipamide), nylon 6-66 (a copolymer of e-caproiactam and hexamethyiene 
adipamide), nylon 6-1 0 (polyhexamethylene sebacamide) and nylon 12 (a polymer of ringopened laurinlactam) 
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may be mentioned. From the view points of processability of the polyamide in melt-extruding and of the melt- 
extruded tubular film of the polyamide in the stretching step, the polyamide showing a melt-viscosity in a range 

5 of from SxlO 2 to 50x10 2 Pa s (5x10 3 to 50x10 3 poise) is preferable and that in a range of 1x10 3 to 2x10 3 Pa-s 
(10 to 20x1 0 3 poise) is most preferable, the value being measured under the conditions of melt-extrusion from 
a KOKA-flow tester of 230°C and a shear rate of 1 00 s~ 1 . 

On the other hand, a large stretching force must be applied in the case of simultaneously biaxially stretching 
the tubular composite laminate, and the tubular composite laminate itself should endure the stress during the 

10 stretching. 

In addition, the casing material made of the tubular composite laminate should endure the pressure at the 
time of filling the meat product thereinto and should not creep during the time of heat-treatment under the con- 
ditions of 70 to 95°C for a few min to a few hours after filling and sealing. In order to fulfil the above-mentioned 
requirements, the thickness of the layer of the polyamide is 5 to 50 micrometers, preferably 20 to 40 microme- 
15 ters. 

In addition, since the layer of the polyamide is oil-resistant and accordingly, it is not swollen by the fats 
contained In the foodstuff to be packaged therewithin, and further, the layer in contact with the foodstuff has 
sufficient adhesion to cling to the foodstuff (hams and sausages), it is preferable to dispose the layer of the 
polyamide as the innermost layer in the casing material. 

20 According to the present invention, in order to have a close adhesion of the copolymer of vinylidene chloride 
of the intermediate layer with the olefin resin of the outer layer or the polyamide of the inner layer, an adhesive 
layer is insertedly used therebetween. As the adhesive agent, a mixture of a copolymer of ethylene with vinyl 
acetate and a copolymer of ethylene with acrylic acid (refer to Japanese Patent Application Laying-Open No. 
49-41476 (1974)), a copolymer of ethylene with vinyl acetate and a copolymer of ethylene with ethyl acrylate 

25 (refer to Japanese Patent Application Laying-Open No. 51-1 1 9075 (1976)) have been publicly known, however, 
in the case wherein the respective layers are melt-coextruded as a 5-layer tubular composite laminate, or the 
respective layers except for the layer of the polyamide are melt-coextruded as a 4-layer tubular composite lami- 
nate and thereafter laminated still in molten state with the simultaneously melt-extruded tubular layer of the 
polyamide, thereby obtaining the 5-layer tubular composite laminate. And then the 5-layer tubular composite 

30 laminate is simultaneously and biaxially stretched into the 5-layer tubular composite laminate, an adhesive 
agent of excellent in adhesion for resisting the exfoliation between layers during the stretching operation is indis- 
pensable. 

The above-mentioned publicly known adhesive agents were insufficient for preventing the exfoliation be- 
tween layers during the stretching for preparing the heat-shrinkable composite laminate film of the present 
35 invention. 

In the present invention, by the use of at least one specified adhesive agent consisting of a modified 
copolymer obtained by grafting a copolymer of ethylene and a vinyl carboxylate or an acrylic ester with an 
ethylenically unsaturated carboxylic acid, which is subjected to neutralization with a metal compound, as the 
adhesive layer between the intermediate layer and each of the outer layers, the object of the present invention 

40 has been achieved for the first time and the present invention has been attained. 

As the vinyl carboxylate to be copoiymerized with ethylene, vinyl acetate or vinyl propionate is used, and 
as the acrylic ester, (C r C 16 ) alkyl acrylate is preferably used. 

As the modifying agent for obtaining the modified copolymer of ethylene and vinyl carboxylate or acrylic 
ester, acrylic acid, mathacrylic acid, maleic acid, fumaric acid or maleic acid anhydride is used. The term, modi- 

45 ficatfon, herein used means a reaction of introducing the ethylenically unsaturated carboxylic acid or an acid 
anhydride thereof into the copolymer of ethylene by grafting, etc. Another modifying agent for use in further 
modifying the modified copolymer of ethylene and a vinyl carboxylate or an acrylic ester is selected from the 
group consisting of alkali metal salt, alkali metal oxides, alkaline earth metal salts and alkaline earth metal 
oxides. In this case, modification means neutralization, etc. for introducing a metal into the modified copolymer. 

50 The amount of the ethylenically unsaturated carboxylic acid or the acid anhydride in the modified copolymer 
is preferably 0.01 to 10% by weight, and the amount of metal in the above-mentioned polymeric material as 
another adhesive agent is preferably in the range of 0.02 to 10 mol%. 

The thickness of the adhesive layer is not less than 1 micrometer and below 5 micrometers, preferably 1 .5 
to 4 micrometers. In the case where the thickness is below 1 micrometer, it is difficult to exhibit the suitable 

55 adhesion. 

The process for preparing the heat-shrinkable composite laminate film according to the present invention 
is explained as follows. 

Each of the four kinds of materials constructing the five layers of the heat-shrinkable composite laminate 
film of the present invention is melt-extruded from each of the four extruders and after being sent to a circular 
die, simultaneously co-extruded from the die while laminating the materials within the circular die in the form 
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of a five-layer tubular composite laminate. 

Otherwise, each of the four kinds of materials is extruded from a T-die of each of the four extruders while 
5 laminating the materials within T-die in the form of a flat 5-layer composite laminate film. 

Each of the four kinds of materials constructing the five layers of the heat-shrinkable composite laminate 
film of the present invention is melt-extruded from each of the four extruders, after being sent to a circular die, 
extruded a four-layer composite laminate film comprising the outer layer of an olefn resin, the adhesive layer, 
the intermediate layer and the adhesive layer and a film of polyamide from the die, and then the four-layer com- 
10 posite laminate film and polyamide film as outer layer are laminated still in molten state, into a five-layer com- 
posite laminate film in which each of the two adhesive layers has been disposed between the intermediate layer 
and each of the outer layers. 

Otherwise, each of the four kinds of materials is extruded from a T-die of each of the four extruders, after 
being sent to a T-die, extruded a four-layer composite laminate film comprising the outer layer of an olefin resin, 
15 the adhesive layer, the intermediate layer and the adhesive layer and a film of polyamide from the die, and 
then the four-layer composite laminate film and the polyamide film as outer layer are laminated still in molten 
state, into a five-layer composite laminate film in which each of the two adhesive layers has been disposed 
between the Intermediate layer and each of the outer layers. 

In general, it is extremely difficult to stretch the film of a polyamide or the composite laminate film comprising 
20 a layer of a polyamide because of the hydrogen bond of the polyamide, and such a film is generally extruded 
from a T-die in a flat form and is stretched biaxially by a tenter. However, in the case of preparing a film for use 
in packaging hams and sausages, it is preferable to extrude the material in a tubular form, and in such a case, 
the stretching of the tubular film has been generally carried out by the inflation technique. In the case where 
the tubular film of a polyamide is subjected to stretching by the inflation technique, the tension which is neces- 
25 sary to stretch the layer is so large that the thickness of the biaxially stretched film is apt to be uneven and the 
tubular film blows up resulting in the difficulty of preparing the film effectively in an industrial scale. 

As a result of studying the process for preparing the heat-shrinkable composite laminate film comprising 
a layer of a polyamide in the industrial scale, the present inventors have found the following process. 

Generally, in a process for processing a plastic material comprising linear high polymeric molecules to 
30 obtain a film thereof in which the linear high polymeric molecules have been oriented, the molten plastic material 
is once supercooled to fix the molecules in an amorphous state and thereafter, the thus supercooled plastic 
material is re-heated to an Inflation temperature and the thus heated plastic material is stretched to effect the 
orientation of the linear high polymeric molecules of the film in the direction of stretching to a certain extent. 
In the process for preparation of the heat-shrinkable composite laminate film according to the present inven- 
35 tion, the materials of the film melt-extruded at a temperature of higher than the melting point of a high-melting 
polyamide are laminated still in molten state into a tubular composite laminate and the tubular composite lami- 
nate Is rapidly cooled to the stretching temperature while simultaneously stretching the tubular composite lami- 
nate, thereby obtaining the heat-shrinkable composite laminate film excellent in transparency and provided with 
the stretching-orientation effect while preventing the formation of spherulites in the respective layers of the corrv- 
40 posite laminate film. 

As the method of stretching the tubular film, a method of inflation by the air enclosed in the tubular film 
may be used, however, in the case of stretching the 5-layer tubular composite laminate including a layer of the 
polyamide according to the present invention, the necessary tension for carrying out the stretching is large, 
and accordingly, the pressure of the air used for inflation should be large enough. Such a large pressure causes 
45 focussing the stress on to the minor uneven ness of the thickness of the extruded tubular film, thereby enlarging 
the extent of unevenness resulting in blow up of the tubular film. Under these conditions, it is difficult to carry 
out the continued stretching and the taking up of the stretched film. 

However, according to the process of the present invention in which the melt-extruded materials from a 
circular die in a tubular form are laminated still in a molten state into a tubular composite laminate, and the thus 
so formed tubular composite laminate is then stretched along the circumferential outer surface of a conical inner 
mandrel set at the central position of the bottom of the circular die while simultaneously cooling the tubular com- 
posite laminate to the stretching temperature, it is possible to carry out the continuous stretching, thereby 
obtaining the heat-shrinkable composite laminate film taken up continuously. 

The process for preparing the heat-shrinkable composite laminate film according to the present invention 
55 will be concretely explained while referring to the attached drawings as follows. 

In Fig. 1 , each of the four kinds of materials for the respective layers of the 5-layer tubular composite lami- 
nate is extruded by each of the four extruders represented by 7 in a molten state and transferred to the circular 
die 1. 

In the circular die 1 , the molten materials are formed into a 5-layer tubular composite laminate and extruded 
therefrom as a molten tubular composite laminate 14, which is then cooled by air from the air ring 2 provided 
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just below the die-lip to a temperature at which the shape of the tubular composite laminate can be easily 
retained, preferably the temperature of higher than the crystallizing temperature of the polyamide of the inner 

5 layer by 5 to 1 0°C for substantially retaining the polyamide in an amorphous state, and then the thus once cooled 
tubular composite laminate Is further cooled to the stretching temperature such as a temperature between the 
crystallizing temperature and the secondary transition point of the polyamide, preferably at a cooling speed of 
higher than 50°C/s by pouring a hot water at a temperature in the range of from the secondary transition point 
of the polyamide to a temperature of higher than the secondary transition point by 20°C, preferably by 5 to 1 0°C 

10 on the outer surface of the tubular composite laminate as a thin membrane from a shower ring 3. 

Thereafter, the thus cooled tubular composite laminate is pulled down by the take-up rolls 9 while sliding 
the tubular film along the outer circumferential surface of a conical inner mandrel 4 which is provided with at 
the center position of the bottom of the circular die via a vertical supporting rod 13, thereby carrying out the 
simultaneous biaxial stretching of the tubular composite laminate, the mandrel 4 being cooled to a temperature 

15 in a range of 30 to 80°C by a heating medium controlled by a temperature controller 8. 

In the above-mentioned operation, both the transversal stretch ratio In the direction of the diameter of the 
tubular composite laminate 14 and the longitudinal stretch ratio in the take-up direction of the tubular composite 
laminate 14 are decided by adjusting both the ratio of the diameter of the die-lip of the circular die to the 
maximum outside diameter of the inner conical mandrel and the ratio of the velocity of the tubular composite 

20 laminate in the direction of taking-up just before subjecting the tubular composite laminate to stretching to the 
taking-up velocity of the stretched tubular composite laminate by the rolls 9. In general, the stretch ratio of 1 .5 
to 5 is preferable both in the taking-up direction and in the transverse direction. Inconveniences such as the 
occurrence of cracks in the tubular composite laminate under stretching and the unbalance of the heat shrin- 
kage rate between the longitudinal direction and the transverse direction of the thus obtained tubular composite 

25 laminate film, are caused in the case where the tubular composite laminate is stretched at stretch ratios not 
within the above-mentioned range. 

As are seen in Figs. 1 and 2, a circular ring 5 for removing the hot water and a cooling ring 6 are provided 
around the periphery of the mandrel. The circular ring 5 serves the role of removing the hot water poured onto 
the tubular composite laminate at its stretching part and the cooling ring 6 supplies a cooling water at 5 to 30°C 

30 onto the tubular composite laminate. Namely, both 5 and 6 serve a role of cooling the polyamide in the inner 
layer to a temperature of lower than the secondary transition point thereof and preventing the further stretching 
into the longitudinal direction. Since the tubular composite laminate 15 is thus sufficiently cooled, even in the 
case where it is folded by a pair of pinching rolls 9, no adhesion occurs between the opposing inner layers of 
the folded tubular composite laminate film, and accordingly, it is not necessary of using any pilling agent. 

35 The absence of the substance including the pilling agent, which hinders the close adhesion of the innermost 
layer of a polyamide to hams and sausages is extremely favorable in the case of applying the heat-shrinkable 
tubular composite laminate film to packaging hams and sausages. 

After being pinched and taken up by the rolls 9 the thus biaxially stretched tubular composite laminate fUm 
is then subjected to relaxation-treatment between the two pairs of rolls 10 and 11 (relaxation-zone 17). The 

40 rolls 1 1 are driven at the same or a little slower speed as compared to the speed of the rolls 1 0 and preferably, 
further subjected to relaxation-treatment by the air enclosed in the tubular composite laminate between rolls 
10 and 11 for relaxing the excessively (may be) stretched tubular composite laminate and smoothing the 
wrinkles of the layers of the stretched tubular composite laminate. 

Thereafter, the thus treated tubular composite laminate in a folded state is taken up by the rolls 16, if neces- 

45 sary, after being heated in a controlled atmosphere at 40 to 100°C within an extreme-infrared ray oven 12. A 
heat-shrinkable composite laminated film excellent in transparency and luster as a folded tube is obtained. 

Although the thus obtained heat-shrinkable composite laminate film according to the above process of the 
present invention has excellent properties as a casing materia), particularly for packaging hams and sausages, 
occasionally it is required that the composite laminate film is not broken nor deformed under the severer oper- 

so ational conditions during the time of filling the article thereinto or during the time of thermal treatment after filling 
by the expansion of the article therein. Namely, it is required that the heat-shrinkable composite laminate film 
does not show creep phenomenon even at high temperature under the severer conditions than the conventional 
conditions. In order that the film does not show any creep even at high temperatures, it is necessary that the 
degree of orientation of the polymer chains constructing each layer of the composite laminate in the transversal 

55 direction (direction perpendicular to the take-up direction) is higher than that in the take-up direction. 

More in detail, in the case where a package (a casing material made of the heat-shrinkable composite lami- 
nate film containing a packed foodstuff therein) is considered to be a column, wherein the pressure on the article 
is P Q . the thickness of the composite laminate film is t and the radius of the content is R. When the stress in 
the longitudinal direction (the take-up direction in the process for preparing the composite laminate film) of the 
composite laminate film is represented by 6 L , 
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_RxP„ 

Sl—^T 

s (L means longitudinal) and when the stress in the transversal direction (perpendicular to the longitudinal direc- 
tion) of the composite laminate film is represented by 

- RxP 0 

St-— 

(T means transversal direction). 

10 Namely, the stress in the transversal direction on the composite laminate film (St) is 2 times as large as 
the stress in the longitudinal direction on the composite laminate fflm (80. In other words, the composite lami- 
nate film is subjected to a larger deformation force in the transversal direction than in the longitudinal direction. 

Accordingly, the polymer chains constructing each layer of the composite laminate film have been prefer- 
ably more highly oriented than in the transversal direction in the step of biaxial stretching in the process for 

is preparing thereof. 

The method for obtaining the higher orientation in the transversal direction than in the longitudinal direction 
will be explained as follows. 

In Fig. 3, each of the four kinds of materials for the respective layers of the 5-layer tubular composite lami- 
nate is extruded by each of the four extruders represented by 27 in a molten state and transferred to the circular 

20 die 21, and in the circular die 21, the molten materials are formed into a 5-layer tubular composite laminate 
and extruded therefrom as a molten tubular composite laminate 34. After cooling by air from the air ring 22, 
the molten tubular composite laminate 34 to a temperature at which the tubular form is easily maintained pref- 
erably to a temperature of 5 to 1 0°C higher than the crystallizing temperature of the polyamide of the inner layer 
for maintaining the polyamide substantially in an amorphous state, the thus once cooled tubular composite laml- 

25 nate is further cooled to the stretch temperature such as between the crystallizing temperature and the secon- 
dary transition point of the polyamide, preferably at a cooling speed of higher than 50°C/s by pouring a hot water 
at a temperature in the range of from the secondary transition point of the polyamide to a temperature of higher 
than the secondary transition point by 20°C, preferably by 5 to 10°C onto the outer surface of the tubular com- 
posite laminate as a thin membrane from a shower ring 23. 

30 Thereafter, the thus twice cooled tubular composite laminate is pulled down by the take-up rolls 29 while 
sliding the tubular composite laminate along the circumferential outer surface of a conical inner mandrel 24 
which is provided with at a center position of the bottom of the circular die via a vertical supporting rod 33, 
thereby carrying out the simultaneous biaxial stretching of the tubular composite laminate, the mandrel 24 being 
cooled to a temperature in a range of 30 to 80°C by a heating medium controlled by a temperature controller 

35 28. 

The tubular composite laminate is then subjected to the secondary simultaneous biaxial stretching by inflat- 
ing the tubular composite laminate with the enclosed air within the tubular composite laminate at a suitable 
pressure controlled by the air-pressure controller 37 to the extent that the diameter of the thus inflated tubular 
composite laminate is larger than that of the conical mandrel 24 and by pulling the tubular composite laminate 
40 with the take-up rolls 29. The hot water poured from the shower ring 23 is removed by the pushing ring 25 shown 
in Fig. 4. 

In the above-mentioned case, the ratio of the inner diameter of the die-lip of the circular die to the maximum 
outer diameter of the conical inner mandrel 24 is preferably in a range of 1 .5 to 2.5, and furthermore, the stretch 
ratio of the tubular composite laminate in the longitudinal direction (direction of taking-up) and that in the trans- 

45 versal direction (perpendicular to the longitudinal direction) are decided by adjusting both the ratio of the internal 
diameter of the die-lip to the maximum diameter of the inflated tubular composite laminate and the ratio of the 
velocity of the tubular composite laminate 34 just before subjecting to the first stretching to the velocity of taki- 
ng-up at the rolls 29. In general, both the stretch ratios are preferably in the range of 2 to 5. 

The stretched tubular composite laminate 35 by the conical inner mandrel in the primary stretching and 

50 the air pressure in the secondary stretching is not necessary to be further stretched, and accordingly, the further 
stretching in the direction of taking-up of the tubular composite laminate film 35 is prevented by cooling thereof 
by the cooling water at 5 to 30°C sprayed onto the tubular composite laminate film from the cooling ring 26 to 
bring the temperature of the tubular composite laminate film to that lower than the secondary transition point 
of the polyamide. Since the tubular composite laminate film 35 is thus sufficiently cooled, the inner layers of 

55 the thus cooled pinched tubular composite laminate film do not adhere to each other if it is folded, thereby not 
necessitating the use of any pflling agent therebetween. 

The thus thermally stabilized tubular composite laminate film 35 is pinched and folded by take-up rolls 29 
and the thus folded tubular composite laminate film is then subjected to relaxation-treatment between the two 
pairs of roils 30 and 31 (relaxation-zone 38) for relaxing the excessive stretching effect, if any, and smoothing 
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the tubular composite laminate film, the pair of rolls 31 being driven by the same or a little smaller speed as 
compared to the pair of rolls 30, and the relaxation-treatment being carried out by the enclosed air in the tubular 
5 composite laminate film instead of bringing through the two pair of rolls 30 and 31 . If it is necessary, the relaxed 
tubular composite laminate film is heated in a controlled atmosphere at 40 to 1 00°C in an extreme-infrared ray 
oven 32. Thereafter, the folded heat-shrinkable composite laminate film is taken up by the rolls 36 to be a heat- 
shrinkable composite laminate film excellent in transparency and luster. 

The heat shrinkage of the thus obtained heat-shrinkable composite laminate film according to the present 
10 invention is on the average larger than 15% after relaxing thereof for 3 sec at 90°C both in the longitudinal direc- 
tion, that is, the take-up direction and in the transversa! direction perpendicular to the longitudinal direction. 

In the case where the thus prepared heat-shrinkable biaxially stretched 5-layer composite laminate film is 
filled with a foodstuff and the thus casing film is heated together with the thus filled article, a suitable heat-shrin- 
kage occurs in the composite laminate film and the film closely adheres to the content, for instance, a processed 
15 meat product, without exhibiting the creasy or pleated appearance. 

The present invention will be explained more in detail while referring to the following nonllmitative examples 
and comparative examples as follows : 

The present invention will be more precisely explained while referring to Examples as follows. 

20 Example 1 

Each of the following polymeric materials was melt-extruded by each of the four extruders (7) : 
A : a mixture consisting of 1 00 parts by weight of a copolymer of vinylidenechloride (83% by weight) and 
vinyl chloride (17% by weight), 1 part by weight of dibutyl sebacate and 2 parts by weight of an 
25 epoxydized soy-bean oil. 

B : an adhesive material obtained by modifying the grafted copolymer by magnesium carbonate (MgC0 3 ), 
the grafted copolymer being obtained by grafting a copolymer of ethylene and ethyl acrylate containing 
15% by weight of ethyl acrylate units with maleic anhydride. The melt index of the material was 6 g/10 
min and the content of maleic anhydride in the grafted copolymer was 0.5% by weight The content of 
30 Mg fn the material was 0.84 mol%. 

C : a low-density polyethylene of a melt index of 1 .22 g/10 min and a density of 0-92. 
D : a polyamide, nylon 6-66, manufactured by Toray Co., Ltd. of a trade name of Amilan® CM-6041 of a 
melting point of 200°C f crystallization temperature of 150°C, a secondary transition point of 60°C and 
n* (melt index) of 1.7x10 s Pas (1.7x10* poise) at 220°C. 
3$ The thus melt-extruded four kinds of polymeric materials were introduced into a co-extruding circular die 
1 and laminated still in molten state into a 5-layer tubular composite laminate in the order of D/B/A/B/C from 
the inner to the outer within the die, and the thus formed 5-layer tubular composite laminate 14 from the outlet 
of the die, the temperature of the circular die being 220°C at the outlet of the die. The thus extruded tubular 
composite laminate 1 4 was cooled by the air at 1 .96x 1 0* Pa (0.2 kg/cm 2 G) supplied from the air ring 2 provided 
40 with the die-lip position, the external surface temperature of the tubular just before reaching the position of the 
shower ring 3 from which hot water is supplied being 170°C measured by a non-touching type infrared ther- 
mometer. The thus melt-extruded 5-layer tubular composite laminate 14 was treated by hot water at 65°C sup- 
plied from the shower ring 3 and pulled down by the taken-up rolls 9 while sliding the tubular composite laminate 
14 along the external circumferential surface of a conical inner mandrel 4 cooled at 50°C of a maximum diameter 
45 at the lower cylindrical part of 3 times as large as the inner diameter of the die-lip, thereby stretching simul- 
taneously Into the take-up direction (longitudinal direction) and into the transversal direction (perpendicular to 
the longitudinal direction) 

The speed of the take-up rolls 9 was 1 0 m/min, and the speed of the tubular composite laminate just before 
stretching was 3 m/min. The stretch ratio in the direction of taking-up was about 3.3. 
so Thereafter, the hot water was removed by the circular ring 5 and a cooling water at 1 5°C was sprayed onto 
the tubular composite laminate film 15 from the cooling ring 6. 

Thereafter, the thus cooled tubular laminate film 15 was subjected to the treatment of smoothing the 
wrinkles in the relaxation-zone 17 and then taken up by the rolls as the folded heat-shrinkable composite lami- 
nate film of 230 mm In folded width and of the layer construction of 30 micrometers of D layer, 3 micrometers 
55 in B layer, 1 0 micrometers in A layer and 1 0 micrometers in C layer with the total thickness of 56 micrometers. 

The physical properties of the thus obtained heat-shrinkable 5-layer composite laminate film and a clipped 
package prepared by filling a foodstuff into the casing material of the laminate film, determined by the methods 
shown in Table 1, are shown in Table 2. 



8 



EP0 107 854 B2 



TABLE 1 



Item of 

determination Method of determination 



Thermal shrinkage Linear shrinkage to the original length 

in hot water of a specimen (10 cmx10 cm) in the 

longitudinal direction and that In the 
transversal direction, average of the 
values on 20 specimens after immersing 
In hot water at 90°C for 3 s. 



Adhesion between the polyamide layer 
and the intermediate layer was deter- 
mined by the T (180°)-peeling method 
on a tape-likely cut piece of 20 mm 
in width while using a Tensilon® (a 
tensile tester, made by Toyo Seiki Co. 
Ltd.). The breaking stress represents 
the adhesion. 



Gas-barrier property 


Volume of gaseous oxygen passed through 


against gaseous 


the specimen at 30°C and RH of 100%. 


oxygen 




Gas-barrier property 


Volume of water vapour passed through 


against water vapour 


the specimen at 40°C and RH of 95%. 


Cold-resistance 


After folding a casing material of the 


(number of pin- 


specimen 10 m in length into 1 m in 


holes formed) 


length by compression while making 




creases therein in an atmosphere of 




5°C, one of the ends of the casing 




was closely sealed and air was blown 




into the folded casing material at 




2.94x1 0 4 Pa (0.3 kg/cm 2 G) to restore 




the original length. 




The thus treated specimen was brought 




into water at ordinary temperature 




to enumerate the number of pin holes 




formed by the treatment. 



Adhesion between 
layers 
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TABLE 1 (cont'd) 



5 Item of 

determination Method of determination 



10 



Degree of adhesion 


0: 


remafkable exfoliation with bouillon 


of the film to meat 




remaining between the specimen and 


(extent of dining) 




meat. 




1: 


without adhesion of meat to the 






specimen with bouillon on the surface 






thereof. 




2: 


without adhesion of meat to the 






specimen without bouillon on the 






surface thereof. 




3: 


with adhesion of meat onto 10% of 






trip ClirTACD rtT tho Qnarimon in arA9 
u ic auridbe ui 1110 spQCimcn in arsd. 




4: 


with adhesion of meat onto 25% of 






the surface of the specimen in area. 




5: 


with adhesion of meat onto 50% of 






the surface of the specimen in area. 




6: 


with adhesion of meat onto 75% of 






the surface of the specimen in area. 




7: 


with adhesion of meat onto almost all 






surface of the specimen. 




8: 


with adhesion of meat onto all surface 






of the specimen and in the case of 






forced exfoliation, a large amount of 






meat adhered to the surface of the 






specimen. 



Appearance of the After filling about 6 kg of sausage meat 

30 package into a casing material of 230 mm in folded 

width prepared from a specimen, the thus 
package was heat-treated at 80?C for 2 
hours in a state of hanging down, and 
then kept in a refrigerator at 5°C for 
one day. Thereafter, the degree of 
35 crease-formation and the change of 

the external diameter of the package 
were observed and evaluated by the 
following criteria: 

G: without any crease and change of 
diameter 

40 F: creases formed partly with a 

change in diameter 
B: remarkable formation of creases 
and remarkable change in diameter. 



46 

Examples 2 to 5 

In Examples 2 to 4, each of the three 5-f ayer heat-shrinkable composite laminates was prepared in the same 
procedures as in Example 1 except for using each of the following olefin resins for the fifth (outer) layer instead 
so of the low-density polyolefin C in Example 1, and the physical properties of the thus prepared 5-layer heat- 
shrinkable composite laminate films were determined by the methods shown In Table 1 , the results being shown 
in Table 2 : 

Olefin resins 

65 

In Example 2 : 

E : A lowMlensity linear polyethylene (Ultzex®-2021 L, made by Mitsui Chem. Co., Ltd.). 
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In Example 3 : 

F : a copolymer of ethylene and propylene (Noblen® FS-431 1 , made by Sumitomo Chem. Co., Ltd.). 
In Example 4 : 

G : an ionomer resin (HI-Milan®-1601, made by Mitsui Polychem. Co., Ltd.). 

In Example 5, a 5-layer heat-shrinkable composite laminate film was prepared in the same procedures as 
in Example 1 except for using the following polyamide for the first (inner) layer instead of nylon 6-66 in Example 
1 and using a water at 45°C for cooling instead of the water at 65°C in Example 1 , and the physical properties 
thereof were determined by the methods shown in Table 1, the results being shown also in Table 2 : 

In Example 5 : 

H : a polyamide, Daiamld® N 1901 nylon 12 (Daicel Chem. Co. Ltd.) of a melting point of 147°C a secondary 
transition point of 40°C and a crystallization temperature of 104°C. 

Comparative Example 5 

A 5-layer heat-shrinkable composite laminate film was prepared in the same procedures as in Example 1 
except for using the following polymer I as the adhesive agent instead of the adhesive agent in Example 1, the 
physical properties of the thus prepared heat-shrinkable composite laminate film were determined by the 
method shown in Table 1, the results being shown also in Table 2 : 

Comparative Example 5 : 

I : a grafted copolymer of ethylene and ethyl acrylate containing 1 8% by weight of ethyl acrylate units with 
a grafting agent (maleic anhydride), melt index of Polymer I being 6 g/10 min and the content of maleic 
anhydride in Polymer I being 0.5% by weight. 

Example 7 

Each of the following polymeric materials was melt-extruded by each of the four extruders (27) : 
A : a mixture consisting of 1 00 parts by weight of a copolymer of vinylidene chloride (83% by weight) and 
vinyl chloride (17% by weight), 1 part by weight of dibutyl sebacate and 2 parts by weight of an 
epoxydized soy-bean oil. 

B : an adhesive material obtained by modifying the grafted copolymer by magnesium carbonate (MgC0 3 ) t 
the grafted copolymer being obtained by grafting a copolymer of ethylene and ethyl acrylate containing 
15% by weight of ethyl acrylate units with maleic anhydride. The melt index of the material was 6 g/10 
min and the content of maleic anhydride in the grafted copolymer was 0.5% by weight The content of 
Mg in the material was 0.84 mo!%. 
C : a low-density polyethylene of a melt index of 1.22 g/10 min and a density of 0.92. 
D : a polyamide, nylon 6-66, manufactured by Toray Co., Ltd. of a trade name of CM-6041 of a melting point 
of 200°C, crystallization temperature of 1 50°C f a secondary transition point of 60°C and n*(melt index) 
of 1,7x1 0 3 Pa s (1.7x10 4 poise) at 220°C. 
The thus melt-extruded four kinds of polymeric materials were introduced into a co-extruding circular die 
21 and laminated still in molten state into a 5-layer tubular composite laminate in the order of D/B/A/B/C from 
the inner to the outer within the die, and the thus formed tubular composite laminate 34 from the outlet of the 
die, the temperature of the circular die being 220°C at the outlet of the die. The thus extruded tubular composite 
laminate 34 was cooled by the air at 1.96x 10 4 Pa (0.2 kg/cm 2 G) supplied from the air ring 2 provided with the 
die-lip position, the external surface temperature of the tubular just before reaching the position of the shower 
ring 3 from which hot water is supplied being 170°C measured by a non-touching type infrared thermometer. 
Then, the thus melt-extruded 5-layer tubular composite laminate 34 was treated by hot water at 60°C supplied 
from the shower ring 23 and pulled down by the taken-up rolls 29 while sliding the tubular 24 along the external 
circumferential surface of the conical inner mandrel 24 cooled at 60°C with a maximum diameter of the lower 
cylindrical part thereof of 2 times as large as the diameter of the die-lip, thereby the simultaneously biaxially 
stretching was carried out Just after the primary stretching, the thus stretched tubular composite laminate was 
subjected to the further simultaneous biaxial stretching by the enclosed air in the tubular composite laminate 
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at 2.94x 1 0* Pa 0.3 kg/cm 2 G) controlled by an air pressure controller 37 to a diameter of three times as large 
as the inner diameter of the die-lip and longitudinally while pulling down the tubular composite laminate 35 by 

5 the take-up rolls 29 of a speed of 20 m/min. 

Since the transferring speed of the tubular composite laminate just before stretching was 6 m/min, the 
stretch ratio of the tubular composite laminate film in the direction of taking-up was about 3.3. The hot water 
supplied from the shower ring 23 was removed by the circular ring 25 which also served to prevent the leakage 
of compressed air from the tubular composite laminate by pushing the inflated tubular composite laminate film 

10 closely to the outer circumferential surface of the conical inner mandrel. The thus treated tubular composite 
laminate film is cooled by spraying cooled water at 15°C from the shower ring 26 and then subjected to smoo- 
thing of creases in the relaxation-zone 38 to be taken-up as a biaxially stretched, folded heat-shrinkable com- 
posite laminate film of 230 mm in folded width and of the layer-construction of 30 micrometers in D layer, 3 
micrometers in 8 layer, 10 micrometers in A layer and 10 micrometers in C layer, the total thickness of the film 

15 being 56 micrometers. 

The physical properties of the thus prepared heat-shrinkable composite laminate film according to the pre- 
sent invention and of the package prepared by filling a foodstuff into the casing material made of the film and 
clipping the end thereof were determined by the methods shown in Table 1 the results being shown in Table 
2. 

20 It was noticed that the thermal shrinkage rate of the thus prepared film is larger in the transversal direction 
than in the longitudinal direction. As is seen in Table 2, any formation of creases and any change of the external 
diameter of the package prepared by using the thus prepared heat-shrinkable composite laminate film were 
not found in the appearance test of a long period (4 hours) of heat-treatment at 90°C in a hanging state holding 
about 6 kg of sausage meat therein. 

25 
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Example 8 

5 A biaxially stretched, 5-layer composite laminate film was prepared by the same procedures as in Example 

7 except for using a polymeric material E, a low-density linear polyethylene (Ultzex<§>-2021 L, made by Mitsui 
Chem. Co., Ltd.) instead of the polymeric material C, a low-density polyethylene, in Example 7. The respective 
thicknesses of the layers laminated in the order of D/B/A/B/E from the innermost layer were 30 micrometers in 
D. 3 micrometers in B, 10 micrometers in A and 10 micrometers in E, the total thickness being 56 micrometers. 

10 After filling about 6 kg of sausage meat in the thus prepared heat-shrinkable 5-layer composite laminate 
film by a conventional method and sealing the ends, the thus package was heat-treated at 90°C for 4 hours at 
a hanging state, and then the package was kept in a refrigerator at 5°C for 24 hours. 
No crease nor any change in diameter was observed on the thus treated package. 
Further, physical properties of the heat-shrinkable composite laminate films prepared respectively in Exam- 

15 pies 1, 2, 7 and 8 were determined by the respective methods shown in Table 3 and the results are shown in 
Table 4. 





TA8LE 3 




Methods for determination 


Physical property 


Method 


Tensile strength 


According to Japanese Industrial 




Standards 2-1702 


Elongation at break 


According to Japanese Industrial 




Standards Z-1702 



Stress in thermal Shrinking force shown by a tape-likely 

shrinkage cut piece of a specimen, 20 mm in 

width held by a pair of chaks sepa- 
rated to each other by 100 mm on ten- 
sile tester under an initial load of 
98x10~ 3 N (10 g) while raising the 
ambient temperature at a raising 
rate of 2°C per min, expressed by 
stress at 80°C. 



Creep in hot water A tape-likely cut piece of a speci- 

men is immersed into hot water at 
80°C while hanging a sinker cor- 
responding to 9.8x1 0 6 Pa (1 kg/mm 2 ) 
from the piece, for 10 s. 
After cooling just after immersing, 
the sinker is removed, and the rate 
of elongation to the original length 
is determined to be expressed by %. 



30 



35 



50 



55 
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TABLE 4 



10 



20 



25 





Tensile 




Stress in 




Specimen 


strength 


Elongation 


heat-shrink- 


Creep in 


prepared 


(Pa) 


at break 


age (Pa) 


hot water 


in 


[kg/mm 2 ] 


{%) 


[kg/mm 2 ] 


(%) 




88.2x10 6 




2.35x10 s 






OKU 


96(L) 


I240KL) 


10(U 


Example 1 












49.0x10 a 




1.76x10* 






[5I{T) 


166(D 


(180](T) 


52(T) 




98.0x10 s 




1.96x10 s 






(10)(U 


90(L) 


[200KU 


8(U 


Example 2 












78.4 xiO 6 




1.47X10 6 






[8]{T) 


180(T) 


H50KT) 


40(T) 




107.8x10 s 




2.16x10 s 






(11KL) 


155(L) 


I220ML) 


23(L) 


Example 7 












117.6x10 s 




2.35x10 s 






H2](T) 


lOO(T) 


[240|(T) 


12{T) 




98.0x10 s 




1.96X10 6 






houu 


125(L> 


I20OKU 


16(U 


Example 8 












127.4x10® 




2.06 x10 s 






113KT) 


84(T) 


[210KU 


12(T) 



Notes:. 

(L) means the value in the longitudinal direction, . i.e., the direction of taking-up in the process. 
(T) means the value in the direction perpendicular to the longitudinal direction. 



35 Comparative Example 1 

A biaxially stretched, 5-layer composite laminate film was prepared by the same procedures as in Example 
1 except for using the following material J for the adhesive layer instead of the adhesive agent in Example 1, 
the physical properties of the thus prepared film being shown in Table 2 : 
40 J : a copolymer of ethylene and ethyl acrylate containing 18% by weight of ethyl acrylate unit, of a melt index 
of6g/10min. 

In the case where the thus prepared film was used for meat packaging, it was experienced that exfoliation 
between layers was apt to occur during the operation of filling the meat. In this point, the heat-shrinkable com- 
posite laminate film prepared by using the adhesive agent according to the present invention was clearly 
45 superior to the film prepared in Comparative Example 1. 

Comparative Examples 2 to 4 

As the Comparative Examples, physical properties of three kinds of the commerciallized single layer casing 
so films are shown in Table 2. As are seen in Table 2, the superiority of the film according to the present invention 
to those commercialized films is clearly recognizable. 



Claims 

55 

1. A heat-shrinkable biaxially stretched composite laminate fDm comprising an intermediate layer of a 
copolymer of vinylidene chloride, an outer layer of an olefin resin, another outer layer of a thermoplastic resin 
and two adhesive layers respectively sandwiched between the intermediate layer and the two outer layers, 
characterized in that the adhesive layers are made of at least one resinous material prepared by neutralizing 
a modified copolymer obtained by grafting a copolymer of ethylene and a vinyl carboxylate or an acrylic ester 
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with an ethyienically unsaturated carboxylic acid or an acid anhydride thereof with a metal compound, and in 
that said outer layer is made of polyamide. 
5 2. A heat-shrinkable composite laminate fQm according to claim 1 , wherein said polyamide is one member 
selected from the group consisting of nylon 6, nylon 6-6, nylon 6-66, nylon 6-10 and nylon 12. 

3. A heat-shrinkable composite laminate film according to claim 1 , wherein said modified copolymer is prep- 
ared by grafting a copolymer of ethylene and a vinyl carboxylate or an acrylic ester with an ethyienically unsatu- 
rated carboxylic acid selected from the group consisting of acrylic acid, methacrylic acid, maleic acid and 

10 fumaric acid, and an acid anhydride thereof. 

4. A heat-shrinkable composite laminate film according to claim 1 1 wherein the content of the ethyienically 
unsaturated carboxylic acid in the modified copolymer is 0.01 to 10% by weight. 

5. A heat-shrinkable composite laminate film according to claim 1, wherein said polymeric material has 
been prepared by neutralizing said modified copolymer with the metal compound selected from the group con- 

15 sisting of alkali metal salts, alkali metal oxides, alkaline earth metal salts and alkaline earth metal oxides. 

6. A heat-shrinkable composite laminate film according to claim 1, wherein the content of metal in said 
polymeric material is 0.02 to 10 mol%. 

7. A process for preparing a heat-shrinkable biaxially stretched composite laminate film according to claim 
1, wherein a copolymer of vinylidene chloride as an intermediate layer, an olefin resin as an outer layer, a ther- 

20 moplastic resin as another outer layer and an adhesive agent are co-extruded, the extruded laminate is cooled 

and the laminate is stretched, characterized in that 

(1-1) the copolymer of vinylidene chloride as the intermediate layer, the olefin resin as the outer layer, 

a polyamide as the other outer layer and an adhesive material as the two adhesive layers made of at least one 

resinous material prepared by neutralizing a modified copolymer obtained by grafting a copolymer of ethylene 
25 and a vinyl carboxylate or an acrylic ester with an ethyienically unsaturated carboxylic acid or an acid anhydride 

thereof with a metal compound, are simultaneously melt-coextruded while laminating the five layers within a 

circular die, or 

(1-2) the copolymer of vinylidene chloride as the intermediate layer, the olefin resin as the outer layer 
and the adhesive material as the two adhesive layers made of at least one resinous material prepared by neut- 

30 ralizing a modified copolymer obtained by grafting a copolymer of ethylene and a vinyl carboxylate or an acrylic 
ester with an ethyienically unsaturated carboxylic acid or an acid anhydride thereof with a metal compound, 
are melt-extruded from a circular die, and a polyamide is melt-extruded from a circular die, and a four-layer 
tubular composite laminate film comprising the outer layer of the olefin resin, the adhesive layer, intermediate 
layer and the adhesive layer, and a film of polyamide are laminated still in molten state, and 

35 (2) the thus obtained 5-layer tubular composite laminate is subjected to simultaneous biaxial stretching 

by sliding the tubular composite laminate along the external circumferential surface of a conical inner mandrel 
provided with the central position of the bottom of the circular die and by pulling the tubular composite laminate 
into the longitudinal direction while cooling the tubular composite laminate by hot water at a temperature in the 
range of from the second order transition temperature of the polyamide to a temperature of higher than the sec- 

40 ond order transition temperature by 20°C. 

8. A process according to claim 7 ( wherein the temperature of said conical inner mandrel is controlled within 
the range of from 30 to 80°C by a heating medium. 

9. A process according to claim 7, wherein said tubular composite laminate in a molten state is cooled to 
a temperature of higher than the crystallization temperature of said polyamide by 5 to 10°C so as to maintain 

45 said tubular composite laminate substantially in a non-crystalline state In advance of subjecting said tubular 
composite laminate in a molten state to cooling treatment with hot water at a temperature in the range of from 
the second order transition temperature of said polyamide to a temperature of higher than the second order 
transition temperature by 20°C. 

1 0. A process according to claim 7, wherein hot water is sprayed onto said tubular composite laminate so 
so as to cool said tubular composite laminate in a molten state to a stretching temperature between the crystalli- 
zation temperature and the second order transition temperature of said polyamide at a cooling velocity of larger 
than 50°C/s. 

1 1. A process according to claim 7, wherein after simultaneously biaxially stretching 5-layer tubular com- 
posite laminate film, thus stretched tubular composite laminate film is subjected to relaxation-treatment between 

55 two pairs of pinch rolls, the rotatory speed of the former pair of pinch rolls being the same or a little smaller as 
compared to that of the latter pair of said pinch rolls and optionally, an amount of air being enclosed in said 
stretched tubular composite laminate between said two pairs of pinch rolls. 

1 2. A process according to claim 1 1 , wherein said relaxation-treatment is carried out in an atmosphere at 
a temperature of 40 to 100°C. 

1 3. A process according to claim 7, wherein said simultaneously biaxially stretched tubular composite lamf- 
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nate Is cooled to a temperature of tower than the second order transition temperature of said polyamide by 
spraying water at 5 to 30°C. 

5 14. A process according to claim 7, wherein said polyamide is one member selected from the group con- 

sisting of nylon 6, nylon 6-6, nylon 6-66, nylon 6-10 and nylon 12. 

15. A process according to daim 7, wherein said modified copolymer has been prepared by grafting a 
copolymer of ethylene and a vinyl carboxylate or an acrylic ester with an ethylenicafly unsaturated carboxylic 
acid selected from the group consisting of acrylic acid, methacrylic acid, maleic acid and fumaric acid, or an 

10 acid anhydride thereof. 

1 6. A process according to claim 7, wherein the content of the ethylenically unsaturated carboxylic acid in 
the modified copolymer is 0.01 to 10% by weight. 

17. A process according to claim 7, wherein said polymeric material has been prepared by neutralizing said 
modified copolymer with a metal compound selected from the group consisting of alkali metal salts, alkali metal 

15 oxides, alkaline earth metal salts and alkaline earth metal oxides. 

18. A process according to claim 7, wherein the content of metal(s) in said polymeric material is 0.02 to 
10 mol%. 

1 9. A process according to claim 7, wherein said simultaneously biaxial I y stretched tubular composite lami- 
nate is subsequently subjected to simultaneous biaxial stretching by inflating the tubular composite laminate 

20 and by pulling down said tubular composite laminate before cooling to a temperature of lower than the second 
order transition temperature of said polyamide by spraying water at 5 to 30 °C. 



Patentanspruche 

25 

1. Zusammengesetzter, mehrschichtiger, biaxial gedehnter, hitzeschrumpfbarer Film, welcher eine Zwi- 
schenschicht eines Vinylidenchloridcopolymers, eine AuBenschicht eines Olefinharzes, eine andere AuBen- 
schichteines thermoplastischen Harzes und zwei Klebemittelschichten umfa&t, die entsprechend zwischen die 
Zwischenschicht und die beiden AuBenschichten zwischengeordnet sind, dadurch gekennzeichnet, 
30 daft die Klebemittelschichten aus zumindest einem harzartigen Material gefertigtsind, das durch Neutralisation 
eines modifizierten Copolymers, das durch Bepfropfen eines Copolymers von Ethylen und einem Vinytcarbo- 
xylat oder einem Acrylsaureester mit einer ethylenisch ungesattigten Carbonsaure oder einem Saureanhydrid 
davon erhalten wurde, mit einer Metallverbindung hergestelitwurde, und daB die au&ere Schichtaus Polyamid 
besteht 

35 2. Zusammengesetzter, mehrschichtiger, hitzeschrumpfbarer Film nach Anspruch 1, worin das Polyamid 
eine Verbindung ist, die aus der Gruppe ausgewahlt ist, die aus Nylon 6, Nylon 6-6, Nylon 6-66, Nylon 6-10 
und Nylon 12 besteht. 

3. Zusammengesetzter, mehrschichtiger, hitzeschrumpfbarer Film nach Anspruch 1 , worin das modifizierte 
Copolymer hergestellt wird, indem ein Copolymer von Ethylen und einem Vinylcarboxylat oder einem Acryl- 

40 saureester mit einer ethylenisch ungesattigten Carboxyisaure bepfropft wird, die aus der Gruppe ausgewahlt 
ist, die aus Acryisaure, MethacrylsSure, Malelnsaure und Fumarsaure und einem Saureanhydrid davon 
besteht 

4. Zusammengesetzter, mehrschichtiger, hitzeschrumpfbarer Film nach Anspruch 1 , worin der Gehalt der 
ethylenisch ungesattigten Carboxyisaure im modifizierten Copolymer 0,01 bis 10 Gew-% betragt 

45 5. Zusammengesetzter, mehrschichtiger, hitzeschrumpfbarer Film nach Anspruch 1, worin das Polymer- 
material durch Neutralisieren des modifizierten Copolymers mit der Metallverbindung hergestellt wurde, die aus 
der Gruppe ausgewahlt wurde, die aus Alkalimetallsalzen, Alkalimetalloxyden, Erdalkalimetallsalzen und Erd- 
alkalimetalloxyden besteht 

6. Zusammengesetzter, mehrschichtiger, hitzeschrumpfbarer Film nach Anspruch 1 , worin der Metallgehalt 
50 im Polymermaterial 0,02 bis 10 Mol-% betragt. 

7. Verfahren zur Herstellung eines zusammengesetzten mehrschichtigen, biaxial gedehnten, hitze- 
schrumpfbaren Films nach Anspruch 1 , worin ein Copolymer von Vinyl idenchlorid als Zwischenschicht, ein Oie- 
finharz als AuBenschicht, ein thermoplastisches Harz als andere AuBenschicht und ein Klebemittel coextrudiert 
werden, das extrudlerte Lam in at abgekuhlt wird und das Laminat gedehnt wird, dadurch gekennzeichnet, 

55 da& (1-1) das Copolymer von Vinyl idenchlorid als Zwischenschicht, das Olefin harz als AuBenschicht, 

das Polyamind als andere Au&enschicht und das Ktebematerial als die beiden Klebemittelschichten, das aus 
zumindest einem harzartigen Material hergestelitwurde, das durch Neutralisation eines modifizierten Copoly- 
mers, das durch Bepfropfen eines Copolymers von Ethylen und einem Vinylcarboxylat oder einem Acrylsaure- 
ester mit einer ethylenisch ungesattigten Carbonsaure oder einem Saureanhydrid davon erhalten wurde, mit 
einer Metallverbindung hergestelitwurde, glelchzeitig schmelzcoextrudiert werden, wobei diesefunf Schichten 
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innerhalb einer Rundduse laminiert werden, oder 

(1-2) das Copoylmer von Vinylidenchlorid als Zwischenschicht, das Olefinharz als AuBenschicht und das 

5 Klebematerial als die beiden Klebemittelschichten, das aus zumindest einem harzartigen Material hergestellt 
ist, das durch Neutralisation eines modifizierten Copolymers, das durch Bepfropfen eines Copolymers von 
Ethylen und einem Vinylcarboxylat oder einem Acrylsaureester mit einer ethylenisch ungesSttigten Carbon- 
saure oder einem Saueranhydrid davon erhalten wurde, mit einer Metallverbindung hergestellt wurde, aus einer 
Rundduse schmelzextrudiert werden und das Polyamid aus einer RunddQse schmelzextrudiert wird und der 

10 vierschichtige, schlauchfdrmige, zusammengesetzte, mehrschichtige Film, der die AuSenschicht des Olefin- 
harzes, die Klebemittelschicht, die Zwischenschicht und die Klebemittelschicht umfalit und ein Polyamidfilm 
noch im geschmolzenen Zustand laminiert werden und 

(2) das so erhaltene fGnfschichtige, schlauchfdrmige, zusammengesetzte Laminat einem gleichzeitigen 
bfaxialen Dehnen unterzogen wird, indem das schlauchfdrmige f zusammengesetzte Laminat entlang der au&e- 

15 ren Umfangsoberfiache eines konischen inneren Dorns gleitet, der an der mittleren Position des Bodens der 
Rundduse vorgesehen ist.und indem das schlauchfdrmige, zusammengesetzte Laminat in Langsrichtung 
gezogen wird, wobei das schlauchfdrmige, zusammengesetzte Laminat durch HeiRwasser bei einer Tempe- 
ratur im Bereich von der Obergangstemperatur zweiter Ordnung des Polyamids bis zu einer Temperatur, die 
urn 20°C hSher als die Obergangstemperatur zweiter Ordnung ist, abgekuhlt wird. 

20 8. Verfahren nach Anspruch 7, worin die Temperatur des konischen inneren Dorns durch ein Heizmedium 
im Bereich von 30 bis 80°C geregelt wird. 

9. Verfahren nach Anspruch 7, worin das schlauchfdrmige, zusammengesetzte Laminat im geschmolzenen 
Zustand auf eine Temperatur abgekuhlt wird, die urn 5 bis 10°C hoher als die Kristallisationstemperatur des 
Polyamids ist, urn das schlauchformige, zusammengesetzte Laminat vor dem Unterziehen dieses schlauch- 

25 fdrmigen, zusammengesetzten Laminats im geschmolzenen Zustand der KQhlbehandlung mit Heidwasser bei 
einer Temperatur im Bereich von der Obergangstemperatur zweiter Ordnung des Polyamids bis zu einer Tem- 
peratur, die um 20°C hoher afs die Obergangstemperatur zweiter Ordnung ist, im wesentlichen in einem nicht- 
kristallinen Zustand zu halten. 

10. Verfahren nach Anspruch 7, worin auf das schlauchformige, zusammengesetzte Laminat Heifcwasser 
30 gespruht wird, um das schlauchformige, zusammengesetzte Laminat im geschmolzenen Zustand bei einer 

Abkuhlgeschwindigkeit von grdBer als 50°C/s auf die Dehntemperatur zwischen der Kristallisationstemperatur 
und der Obergangstemperatur zweiter Ordnung des Polyamids abzukuhlen. 

11. Verfahren nach Anspruch 7, worin nach gleichzeitigem biaxialen Dehnen des fBnfschichtigen, 
schlauchfdrmigen, zusammengesetzten, mehrschichtigen Films der so gedehnte.schlauchfdrmige, zusam- 

35 mengesetzte, mehrschichtige Film einer Entspannungsbehandlung zwischen zwei Klemmwalzenpaaren unter- 
zogen wird, wobei die Umlaufgeschwindigkeit des ersten Klemmwalzenpaares.verglichen mit der des letzteren 
Klemmwalzenpaares.gleich oder etwas kleiner ist, und wahlweise eine Luftmenge in dem gedehnten, schlauch- 
fdrmigen, zusammengesetzten Laminat zwischen den beiden Klemmwalzenpaaren eingeschlossen ist 

12. Verfahren nach Anspruch 11, worin die Entspannungsbehandlung in der Atmosphare bei einer Tem- 
40 peratur von 40 bis 1 00°C durchgefuhrt wird. 

13. Verfahren nach Anspruch 7, worin das gleichzeitig biaxial gedehnte, schlauchformige, zusammenge- 
setzte Laminat durch Spruhen von Wasser mit 5 bis 30°C auf eine Temperatur unterhalb der Obergangstem- 
peratur zweiter Ordnung des Polyamids abgekuhlt wird. 

14. Verfahren nach Anspruch 7, worin das Polyamid eine Verbindung ist, die aus der Gruppe ausgewahlt 
45 wurde, die aus Nylon 6, Nylon 6-6, Nylon 6-66, Nylon 6-10 und Nylon 12 besteht 

15. Verfahren nach Anspruch 7, worin das modifizierte Copolymer hergestellt wurde, indem ein Copolymer 
von Ethylen und einem Vinylcarboxylat oder einem Acrylsaureester mit einer ethylenisch ungesattigten Car- 
boxylsSure bepfropft wird, die aus der Gruppe ausgewahlt wurde, die aus AcrytsSure, MethacrylsSure, Malein- 
siure und Fumarsaure oder einem Saureanhydrid davon besteht. 

so 16. Verfahren nach Anspruch 7, worin der Gehalt der ethylenisch ungesittigten Carboxylsaure im modifi- 
zierten Copolymer 0,01 bis 10 Gew-% betrfigt 

17. Verfahren nach Anspruch 7, worin das Polymermaterial durch Neutralisieren des modifizierten Copo- 
lymers mit einer Metallverbindung hergestellt wird, die aus der Gruppe ausgewahlt ist, die aus Aikalimetallsal- 
zen, Alkalimetalloxyden, Erdai kali metal I salzen und Erdalkalimetalloxyden besteht. 

55 18. Verfahren nach Anspruch 7, worin der Gehalt des (der) Metalls (Metalle) im Polymermaterial 0,02 bis 
10 Mol-% betrSgt 

19. Verfahren nach Anspruch 7, worin das gleichzeitig biaxial gedehnte, schlauchformige, zusammenge- 
setzte Laminat anschlie&end dem gleichzeitigen biaxialen Dehnen unterzogen wird, indem das schlauchfor- 
mige, zusammengesetzte Laminat aufgeblaht wird und dieses schlauchfdrmige, zusammengesetzte Laminat 
vor dem Abkuhlen auf eine Temperatur unterhalb der Obergangstemperatur zweiter Ordnung des Polyamids 
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durch Spruhwasser von 5 bis 30°C heruntergezogen wird. 

5 

Revendications 

1. Un film composite stratifie 6Br6 selon deux axes thermo-r6tractable comprenant une couche interm6- 
diaire d'un copolymere de chlorure de vinylid6ne, une couche exterieure d'une r6sine oiefinique, une autre cou- 

1C che exterieure d'une r6sine thermoplastique et deux couches adhesives respectivement interpos6es entre la 
couche intermedial re et les deux couches exterieures, caract6rise en ce que les couches adh6sives sont cons- 
titutes d'au moins une mature r6sineuse choisie dans le groupe des copolymeres modifies obtenus par gref- 
fage d'un copolymere methylene et d'un vinyle carboxylate ou d'un ester acrylique et d'un acide carboxylique 
6thyl6niquement insature ou d'un de ses anhydrides d'acide et d'une matfere polymere obtenue par neutrali- 

15 sation de ce copolymere modifie & I'aide d'un d6riv6 m6tallique et en ce que cette autre couche exterieure est 
faite en poiyamide. 

2. Un film stratifie composite thermo-retractable selon la revendicatlon 1, dans lequel ce poiyamide est un 
6l6mentdu groupe constitu6 par : nylon-6, nylon-6-6, nyIon-6-66, nylon-6-10 et nylon-12. 

3. Un film stratifie composite thermo-retractable selon la revendication 1, dans lequel ce copolymere modi- 
20 fi6 est pr6par6 par greffage d'un copolymere d'6thyl6ne et d'un vinyle carboxylate ou d'un ester acrylique avec 

un acide carboxylique ethyieniquement insature choisi dans le groupe constitu6 par : acide acrylique, acide 
m6thacrylique, acide maieique et acide fumarique et un de leurs anhydrides d'acide. 

4. Un film stratifie composite thermo-retractable selon la revendication 1, dans lequel la teneur en acide 
carboxylique ethyieniquement insature dans le copolymere modifie est comprise entre 0,01 et 10% en poids. 

25 5. Un film stratifie composite thermo-retractable selon la revendication 1 , dans lequel ce materiau polymere 

a ete prepare par neutralisation de ce copolymere modifie a I'aide d'un derive metailique choisi dans le groupe 
constitu6 par : des sels de metaux alcalins, des oxydes de metaux alcalins, des sels de metaux alcalino-terreux 
et des oxydes de metaux alcalino-terreux. 

6. Un film stratifie composite thermo-retractable selon la revendication 1, dans lequel la teneur en metal 
30 dans cette matifere polymere est comprise entre 0,02 et 10% en mole. 

7. Un precede de preparation d'un film stratifie composite 6tir6 selon deux axes et thermo-retractable selon 
la revendication 1 dans lequel on co-extrude un copolymere de chlorure de vinylid6ne comme couche inter- 
mediate, une r6sine oiefinique comme une couche exterieure, une r6sine thermo-plastique comme une autre 
couche exterieure et un agent adhtsif, on refroidit le stratifie extrude et Ton etire le stratifie, caract6ris6 en ce 

35 que : 

(1-1) le copolymere de chlorure de vinylidene constituant la couche intermediate, la r6slne o!6finique 
constituant Tune des couches exterieures, un poiyamide constituant I'autre couche exterieure et une mati&re 
adhesive constituant les deux couches d'adh6sif faites d'au moins un materiau r6sineux prepare par neutrali- 
sation d'un copolymere modifie obtenu par greffage d'un copolymdre methylene et d'un carboxylate de vinyle 
40 ou d'un ester acrylique avec un acide carboxylique insature ethyieniquement ou un de leurs anhydrides d'acide 
et une matifere polymere obtenue par neutralisation de ce copolymdre modifie a I'aide d'un d6rfv6 m6tallique 
ont simultan6ment co-extrudes a I'etatfondu, en mSme temps que I'on stratrfie les cinq couches au sein d'une 
filiSre circulaire ; ou 

(1-2) le copolymere de de chlorure de vinylid&ne constituant la couche intermediaire, la rtsine oiefinique 
45 constituant la couche exterieure et le materiau adhesif constituant les deux couches adh6sives faites d'au 
moins un materiau r6sineux prepare par neutralisation d'un copolymere modifie obtenu par greffage d'un copo- 
lymere methylene et d'un vinyle carboxylate ou d'un ester acrylique avec un acide carboxylique ethyienique- 
ment insature ou un de leurs anhydrides d'acide et un materiau poiym6re obtenu par neutralisation de ce 
copolym6re modifie a I'aide d'un derive m6tallique sont extrudes £ I'etat fondu a partir d'une fili6re circulaire 
53 et un poiyamide est extrude a I'etat fondu a partir d'une filifere circulaire et un film stratifie composite tubulaire 
& quatre couches comprenant la couche exterieure de la r6sine oiefinique, la couche intermediaire et la couche 
adhesive, et un film de poiyamide sont stratifies alors qu'ils se trouvent encore a l'6tat fondu ; et 

(2) le stratrfie composite tubulaire a cinq couches ainsi obtenu est soumis a un etlrage selon deux direc- 
tions simultan6 en faisant glisser le stratifie composite tubulaire le long de la surface p6riph6rique exterieure 
55 d'un mandrin interieur conique constitue par la partie centrale du fond de la ffli6re circulaire et en tirant le stratifie 
composite tubulaire en direction longitudinale tout en refroidissant le stratrfie composite tubulaire a I'aide d'eau 
chaude a une temperature comprise entre la temperature de transition du second ordre du poiyamide et une 
temperature superieure de 20°C a la temperature de transition du second ordre. 

8. Un proc6d6 selon la revendication 7, dans lequel la temperature dudit mandrin a interieur conique est 
contrdiee dans I'intervalle de 30 a 80°C a I'aide d'un milieu chauffant. 
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9. Un proc6d6 seion la revendication 7, dans lequel ledit stratifie composite tubulaire a l'6tat fondu est 
refroidi une temperature superieure de 5 a 10°C a la temperature de cristallisation de ce polyamide de facon 

5 a maintenir ce Iamin6 composite tubulaire sensiblement a I'etat non cristallin avant que Ton ne soumette ce 
stratifie composite tubulaire a i'etat fondu a un traitement de refroidissement a I'aide d'eau chaude a une tem- 
perature comprise entre la temperature de transition du second ordre dudit polyamide et une temperature supe- 
rieure de 20°C a la temperature de transition du second ordre. 

10. Un precede seion la revendication 7, dans lequel I'eau chaude est pulverises sur ce lamine composite 
10 tubulaire de fagon a le refroidir a I'etat fondu a une temperature d'etirage situee entre la temperature de cris- 
tallisation et fa temperature de transition de second ordre de ce polyamide a une Vitesse de refroidissement 
superieure a 50°C/s. 

11. Un procede seion la revendication 7, dans lequel, apres avoir simultanement etire seion deux axes le 
film stratifie composite tubulaire a cinq couches, on soumet ce film lamine composite tubulaire ainsi etire a un 

15 traitement de relaxation entre deux paires de rouleaux de pincement, la Vitesse de rotation de la premiere paire 
de rouleaux de pincement etant la meme ou un peu plus faible que cede de la derniere paire de rouleaux de 
pincement et, eventueilement, on enferme une certaine quantite d'air dans ce lamine composite tubulaire etire 
se trouvant entre les deux paires de rouleaux de pincement 

12. Un precede seion la revendication 11, dans lequel ce traitement de relaxation est mis en oeuvre dans 
20 une atmosphere se trouvant a une temperature de 40 a 1 00°C. 

13. Un procede seion la revendication 7, dans lequel ce famine composite tubulaire etire simultanement 
dans les deux directions est refroidi a une temperature inferieure a la temperature de transition du second ordre 
de ce polyamide par pulverisation d'eau a une temperature compris entre 5 et 30°C. 

14. Un procede seion la revendication 7, dans lequel ce polyamide est un element choisi dans le groupe 
25 constitue par : nylon-6, nylon-6-6, nylon-6-66, nylon-6-10 et nylon-12. 

15. Un procede seion la revendication 7, dans lequel on a prepare ledit copolymere modifle par greffage 
d'un copolymere d'ethylene et d'un vinyle carboxylate ou d'un ester acrylique avec un acide carboxytique ethy- 
leniquement insature choisi dans le groupe constitue par : acide acrylique, acide methacrylique, acide maleique 
et acide fumarique ou un de leurs anhydrides d'acide. 

30 1 6. Un proced6 seion la revendication 7, dans lequel la teneur en acide carboxytique ethyleniquement insa- 

ture dans le copolymere modifie est comprise entre 0,01 et 10% en poids. 

17. Un procedd seion la revendication 7, dans lequel on prepare ledit materiau polymere par neutralisation 
dudit copolymere modifie a I'aide d'un derive metailique choisi dans le groupe constitue par : des sels de metaux 
alcalins, des oxydes de metaux alcalfns, des sels de metaux alcalino-terreux et des oxydes de metaux alca- 

35 lino-terreux. 

18. Un procede seion la revendication 7, dans lequel la teneur en metal(m6taux) dans ce materiau polymere 
est comprise entre 0,02 et 10% en mole. 

1 9. Un procede seion la revendication 7, dans lequel ledit lamine composite tubulaire etire simultanement 
dans deux directions est ensuite soumis a un etirage simuitane dans deux directions par gonflage du lamine 

40 composite tubulaire et par tirage vers le bas de ce lamine composite tubulaire avant refroidissement a une tem- 
perature inferieure a la temperature de transition du second ordre de ce polyamide par pulverisation d'eau se 
trouvant a une temperature compris entre 5 et 30°C. 
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Fig- 1 
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